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P^MSS] 26 £ 26,000 SI 

[OAj^x^j 1 >j 26,000 S 
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( 



[6sa>s^si o m 0 

imm 8i,ooo 

[ij'^AHW] 1.2^ AH- SA||AH(£2)_1S 
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*l-^^r e]# SL^l-Tr ^ ^-71 3.0] <#o\} sl-q- o] 

S. 1 



46-1 



( 



#*l-8- ^ ^ ^S»o v ^{A POSITIVE ACTIVE 

MATERIAL FOR A LITHIUM SECONDARY BATTERY AND A METHOD OF PREPARING THE SAME} 
^1 

<£^- ^r#^^ DSCCdifferential scanning calorimetry) M-^-^H ^L2flH. 

<#q- DSC '-MM nzflH. 

£. 3a^ 13 ^ tilm^l lofl xx^e} $)^& ^L^i ^.g. ^ 

S. 3b-fer '^*H1 13 ?J tilULcfl ion] trf5| Jl^: ^ 

£ 4^r *UH1 13 ^ tilm^ loi] tcl-ef ^l^sl 3.0} -g-^ ^-^-1: M-B} 

£ 5^r ^Hl 13ofl tt>El- afl^ S^l JL^r ^-fr uj-EfuH £ 

3b^ ^-tfls. 

£ 6-gr ^*H1 13 *J alJEofl IS) s o] ^Xjol Afol^-BJ ^EfS-ZZ.^ (CV)# L-V 

S. 7^- AgAl^ 17 ^ u}JHo\) 12] 3.9} 0.1C, ^ lOHH^l ^ u o V ^l ^ 
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c 



£ 8£- 12 13 ^ wlJU^l ia] o o t^. %l-^o^ DSC -gr^sl-* 

J£ 9^r *J*H1 19 sq- alJii^l 30] =,01 ^ofl rfl-^V Aj-ol#°ll a]-^ -g-«g= 4*^ 

£ 10 £ ^Aloj] 18^- olJU^l 2^ <£^- cfltb DSC ^ M-^l- 

s. 11-gr ^*H1 i9s+ «lm<i 3^ cfltb DSC ^ ^» 

£ 12^ *UH1 is uljuoj] 2^1 ^ tfl^ ^ DSC ^ 
42.3] 
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r r 

c v3I-^5->°lB (dendrite)^ %s§SLS. °itb 3r^Hl ^*fl ^ 

°1 XI^^ Bl# ^ cfl^l ^ £E^r ^ f-s] cflafl 

71-ZL 51 Cf. ^S], ^l^^l^ -g-^* ^7>A] 7] 71 ^sj-oi 

^7lM 0 l^-(chalcogenide) Sj-^-f-°l ^>-§-s]^l & , ^ 
HIS. LiCo0 2 , LiMn 2 0 4 , LiNi0 2 , LiNi 1 - x Co x 0 2 (0<x<l) , LiMn0 2 ^ ^r^t 

o] <£^£lJ! av 7 ] ^ ^ LiMn 2 0 4 , LiMn0 2 ^ Mn*fl »#^^r 

71tt *H- f -g-^l 7Mi ojrq-. LiCo0 2 ^ ^7l ^^£5+ ^ 

^ zl^ji -f^tb , -S^fl Sony^> ^^^-^1^ 

LiNi0 2 fe $H*1 ^t!: 0 o^ ^ 7>^- &o| 7>^- ^ -8-%=^ # 

°1 ^ #1-^5. ^ LiCo0 2 7l- ^3, si 5- Sony^l A1 2 0 3 » 
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^ 1 5 51^H Co^] H^* AIS. *l^t!r LiCoi- x Al x 0 2 * 7fl^^o.^, 

A&TB^i^r Sn0 2 # Co^ «]■¥■■& Sn^-S. ^1^*1: LiCo0 2 l- ?m^}3X^. 

Ei^ ^sfl^s} ^f-ofl tcfa> ell- o|£- ^f- ol-g- ^ ^ e|-g- ^ 

-M* >M-g-*Rr ^i^m ^-*Vc}. s]# o}^ M-z]u] ^7.}^ tq-^ si0 2 

^Jlf #^Hj^a)3] #^E>olH. Tfll^l Aj- 7l _o 7 ] 

f-*K impregnation)^ 51* ^V-g-^ , °1 ^fl^ 0 ! >H1 31 31 °1 ^1 ^^5. *}B-3,, 
Ije^I Afl^eiHEi!- ^o_^ &t}. s*V, ^-g- 3«3- ^ 

^rtb °l>gr S^i^-i- 5>tt S0 2 Tfll^ ^7l S^r -8-71 A^el-^ *] 

3*1 °1£- °l*r 3*1# °flS. *^ -£^y<3, °o^, -g-^ *flsUfl°l 

^1* ^Kl^sM €^ * Epg (jelly-roll type)^ °1 
-§; ^-f-<8 3*1 ^, 3*ti 0 -3-8: ^tt 3*1* 3*l£r 

#7l 2]"^ 3*1 ^M^ofl ygo]*\ ^i^, =70] 

#71 3*]^ 3*1 Tfiol^ofl ^o^A-j 3*1* ^*Vcf . E&th ^1°)^ 

o] ^^011 tc]-5.> i| Al 7fl^2l A l~§-^ 3*1*1- ^Ml (pouch) 3*1 3- ^ 
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( 



( 



*r 9XA. <E A oM ?ll °] +7} Al^ gj=£ 

t^H, ^HMl ^1*1^ ^ ^ A%- 1mm ^ 

o| £ ^ 3# °1*> ^-B &A AAA ^-%A ^ ^fM^ofl AA 33 

91 A. 

°1*> ^i^l-g- °o 1 ^ ^1^*>^ 7A°]A. 

A oM -^3* Ik^AA $\A°1 , ^# sfttt s<H; ^ 

Jflofl sj-uj- 6]^- ^ ^5}-!- ^* i#*Rr °1*> 

A oM o]^> ^i^l-g- <#q- «-§-;§Ml s^£l^ <+sj-f- f^l ^ 
5Ufe Mg, Al, Co, K, Na, Ca, Si, Ti , Sn, V, Ge, Ga, B, As ^ ZrS. 

ell- #*l-g- ^ £^1 ^-71 ^ ^ 

46-6 



r 



# ^VM- °1 A J"^ ^£ £tt ^£ 31 ^ A oM ^ ^21-1- >M5. 

cf€- ^-i- S^Kr 27fl oRVo] cf^ $14. 

S=t* SV4 °l A o V ^ S^Rr -^-71 -g-^ SE^r ^-g-^^-S. ^ 

#7] 3.^ ^ ^-*<HH <5j-L} o^o} ^*V^ -H-71 -g-^ ££^r 

^-g-°-»_9_5. #7] s]# ^>3iL5- 22] o]a o v ^e^j-cr) tf^ #-§- 

^51 $14. 

o] i£<H ^ofl ^ oj^l- =-4=- X>3^ #0.5. ^^^Cf. #7l ^-4- <lVs}-# 

^* *1"4 £%H5Kr ^ t£ $XH, ^^8: *>4 HL^ 1: o)^r 

3.#*Rr 4^ #H ^£ $14. 

sj-^l-f 1 ^. S7 i] l 4oic i ^TflM-ol^, 3 -§--4^ ^^14 

oi = , 31-4 ^7fl4°l^ sl-tM-^l £ ^°fl *H 4-§- 

€ ^ $14. 
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r c 



<35> LixMni-yM'yAa 

<36> 2] 

<37> Li x Mn 1 - y M l y 02- z A z 

<38> [S**H1 3] 

<39> Li x Mn 2 0 4 - z A z 

<40> [s}-^-^ 4] 

<4i> Li x Mn 2 -yM'yA4 

<42> [3**M 5] 

<43> Li x Ml-yM"yA 2 

<44> [^-^^ 6] 

<45> Li x M0 2 - z A z 

<46> 7] 

<47> Li x Nii-yCo y 02- z A z 

<48> [^^M 8] 

<49> Li X N i i-y- z Co y M " Z A Q 

<50> [Sf^ 9] 

<5 i> L i X N i i-y- z Co y M " z 0 2 -q A a 
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r 



<52> 10] 
<53> L i X N i i- y . z Mn y M ' z A a 

<54> [SW] 11] 

<55> L i X N i i- y - z Mn y M 1 2 02- a A Q 

<56> (#7l <^H1*| , 0.95 < x < 1.1, 0 < y < 0.5, 0 < z < 0.5, 0 < a < 2o)jl, 

MSr Ni Co°]3L, M'£- Al, Ni, Co, Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, 

Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, 

Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS ol^^^l ^<*«M *M 
°}JL, W-& Al, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, 

Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, 

Md, No, ^ LrS. o^o^ ^oflAi a* 3} 5)^ srVq- oi^sT-SJ^oH, Att 0, F, S ^ 

PS °1 =-o^ ^o)M ^o]t}.) 

<57> ^7] ^# 3E^ofl Sfuj- Ol^-o^ ^ ^>5f#-8r Mg, Al , 

Co, K, Na, Ca, Si, Ti , V, Ga, Ge, B, As ^ ZrS. °1^<H*L >id^=I*r ^ 

<58> ^>7l *1-Uf 0)^-0) ^ AV5}-# ^l-^^l tflsH 

2x 10" 5 vfl*] 1 hV^^jI, 0.001 1 f^%<y ?J°1 c] 

<59> ^ ^"J-^l 4.0V tfl*l 4.3VS] ^ ^$HH tf^o] 
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c 



7} <yo|q.^ ^-g- -i^iL5_ *H4. ££*V -g. « a ^o] o o t^- ^^.g- ^^.7]- 230 

<60> t^ofl^^ all- ^-§-3 ^-g- i#*K=- -fi-7] -§- OJ ] ^ 

<61> -#7) ^ -g-^ *fl^A| ^V-g-S]^ ^J°S^r -H-71 -g-nfl -§-ofl -g-Sflsq^ 

^J^r ^f-g-* n tflJt^Sl ^1^- Mg, Al, Co, K, Na, Ca, 

Si, Ti, V, Sn, Ge, Ga, B, As i&^r Zr°) 9X^. 
<62> ^-71 ^ -B-71 -g-ojj^ ^ o a v^. A |.ol^., , -g-^iVs}-!- ^ -fr 

7] -g-nflofl -g-sflAl^ ^1^:^14, °1 «rff*l^ 4^ ^ ^"71 # 

ff-A|^ ^IS^- ^ 5U<4. -B-71 -g-nfl ^ofl -g-^HS-m ^^tt ^Bfl^ 0} 

*1*H1 O^Ocj AjEU^ - Olcf. ^ S.^ 4 SA i^>^ 

-g-^^r HB(0H) 2 , B 2 0 3 , H3BO3 ^"§- -FM -g-nfl HL^r ^1 -8-««a1^ ^31^. 
<63> ^"71 -g-^ ^ -fM -g-<S» ^12: A] Aj~g- 7 Bf*V ^7} -%r^S.^ nfl ^ , 

oflE^ ol^HS^r^^ °^^r, ^]a> ) fiiif, t-HH&KM^^irlh 

<64> A o V 7 l ^ 0.7] .g-Ofl-, ^ dH^.A}o]c f ^ o^fo]^ ^ 

j^oUo} £ igJ-Tgofl tifeV^^Tll Af-g-^ ^ 014. o| ^ ^ ^ o^^Aj-olc ^Jjo] ofl 
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( 



( 



J=(tetraethylorthosilicate) -§-^ ^ <H1 ^°\] -§-*fl*M *]^& 

51^ -§-°Jj^ *r 5fe 5E^r ^ # 

^ -8-71 -§-<*} ^ ^r-g-^ %7]-£l^ ^ ^Afo] = , 

^r<3 ^HlH^-M -§-<>« 2^ ^-g-oJHl cfl^V^ 0.1 ^^1 50 

cl u>eV^sV7ll^ 1 ifl*l 20 4>7l ^ l^^l = , 

^■4?°* SE^r ^"^^^^-^ ^iE7|- 0.1 ^%iH4 ^<L^ ^ ^-71 -%-*» £E^r ^ 

^■A}o]B., , S^r ^"^^#^1 ^£7} 50 ^%!r ^1 

7> M-^ ^^^7i H>el-^^1 #cj-. 

o]<2]- 7^-0] ^fl S £ ^ -ft-71 -8-°-?} S^r ^-g-^S. 5-1 # 

-2. 1 !! (encapsulat ion) tb 1 ^. 

#7] 3.*% t&t&G-S.^ CVDCchemical Vapor Deposition)^, 

^(impregnation)^ <S S^Cdip coating)^ ^-S: ^}-§-^ t 
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r 



( 



*V *fi4- o]^ ^.g. 3.*HjRr *fll -fM -g-°-« S^r 2111 ^-g-^^S 1*> S^tt 

* I^S]^, ^M" i^-*Kr m ^7} -g-°J] SE^ XI 2 

2*V S^^V * t^a}^ 2^#-ir ^5L ^u|- ol A>oj i^-^ 

^ -§-°Jj ^-g-^^^ ^*V3 35) ^ <l^^sH ^ W 

# 37fl o] AVol 3^ ^£ 

#4? -f}-7] -g-*> 5E^r ^4=- ^-g^-fr f>}^ o|AV =7lg ^-g- ^ltb 

Aj-g-sf^ -§-^1:* ^ i^Vfe- ^o] ti}-el-^|-cf. 

°l. o] «g^E| 200 vfl*l 800°C*lH 1 tfl*l 20^1^: -^l^Vcf. 5" 

£a)*r(f lowing) S£ *H1*1 ^r*3^r «>^W. °1 °fl 1*1^ -8r-£7|- 200 

^ -B-7] -g-«* HL^ ^ ^r-g-^°l ^5}- 3*1 o] 
a|# oj£-o} ol^o) Bj-efll- hv^. - oirf. SE^r, 

3 800°C il^- ^#3 ^ S<S<Hl ^ ^ 

£-7} %o}z\ U2) o}^-6\) ^^ 7 > ^Cf. a}-^, A]7 x }o] Aj-7] uj <^ # ajc^ 

Li + 3 ol^ofl ^-^17> olcf. 
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( 



<I^E} ^il^L ^ -fM -g-°» ^ ^-g-»-!H ^ ^Sj-^S. u, 

s^cf. tcfaM , ^ -g-^ £&^=r ^ ^r-g-^* 13 3^-8: ^13: 

°flTr, AB <lV3-#(A^ B^r W Mg, Al, Co, K, Na, Ca, Si, Ti , Sn, V, 

Ge, Ga, B, As ^ ZrS. °l^f-<H^ ^<HH A d ^ ^ ^ , ^5. -^^^1 &-g-) ^-^#^1 

°fl *§^£ B Wl- # ^ cf^ tg^sjt}. 

^oM «g^, ^ <+SJ-# ^l^r l~100nm°l 

7} lnm nln].ol^ f ^3-1"^ SfJ^MI <4^- JL^7> uln]^, -^^7]- lOOnm^r 

1*1^-1- 3s <£<H*1 5- MHH ^ 200 500°C5. 

*V ^, cfl7l ^o. ?KU^r, ^ ^J-^o_^ ^-^ (quenching) ^*]*k 

^£ ^ qHl-^ ioo°C °1 ^ ^^1^ ti\y\ f^S. ^Ul^ ^J-g- 

^a]^ ^ £ oicf. ^ ^Al^- ^ 4-51^ 0.5°C/min o]^o] % o] 

A J-7l el# th^ u o v ^^- 5 ^°J-§- ^ 
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c 



cflS^ol ofl5. ell- L-j-ol e El |o| e ( ^f- o^^Hm, e]# ^o]c^. A >ol^ J=--g- A]- 

A>-g-%V ^ Clef. Aj- 7l u^O* uJ-tJ- oHlEfl OIH, °o V ?l ^^-Al-Olc 

* Aj-g-^- ^ olj7 ; Aj- 7 ] o]cg^^ H3PO4* >M~§-% V T 51^. A d-7l 3.^ 
<>H, ^ ^-g"* #^1^71 ^f^, oflfM;, #, O]- 

ill ^7>s]-ZL -g-n]] 7 ]- ^o]^ ^fl^l (solvent-free) = 

^2-} < t! c l ^tKmortar grinder mixing)^- ^^1^" 9X^. 

^^^1 «t 400~600°C £r5.°fl>M tr^^Csemi 

crystalline) B]# -8rJE7> 400°C 
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r 



<I^5-1 ^£7> 400 °C^.^- VtS-'S, &)-§- #^<g£] tij-g-ol ^cf. 31 

tb l^eJSH *fl^£ #¥31 ^-S- ^3:^1^1 ^, Sxr 1*13 ^ £2: ^ 

7l» #5. °<J (blowing)*!-^ -a-^ AV^oflxi 

^^(remixing)Al^ a}* ^-^l*) ^S. 5U^. 

<79> ^^^1 ^ 700 -900 °C -Sri^ ^ 10- 15*1 # %-°± 2*\ 

l^fVcf. <l*1e] ^£7f 700°CiLcf ^o.^ -i-^o] t%^7\ <H 3^ 

^1^°1 #71 <i^el #S ^-71 5£^r <4-^l- ^°J*Kr S#*H1 

>H l~5°C/-g-£| -gAlsj-ji, zv ^^]el -gr£<HM *m ^-91 -fr 

<80> *\) S€ B]# Sj-thl-^ ^-iM: ^-gr^H *fl-£fK remixing)^*} *M# 

<si> oi*]. ij-^o] wi-av^t!: ^Ml ^ ylm^ll- 7]^t\-. ZLeW ^71 ^ 

<82> (Hl^aofl 1) 

<S3> ^ «a^°l lOjzmSl LiCo0 2 tt^ P ^ ^ l-B^l^^l # 

^^ej-o] = ufojc-H- 94 : 3 : 3^ ll^lS. #^tb 4- N-n^slM^ -%-^6\] ^ 
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c 



^ ^ Hell^j^H 3-91 ^ ^lisl-^cf. 

<84> elf- *1~8-*H ^ £ (purged) 

H. ^o] Ej.<y^ HV^ ^lisl-^cf . olnfl ^^^^ 1M LiPF 6 7]- -g-*fl 

<85> (Hlilofl 2) 

<86> Q^r L1C0O2 cfl^l Lii.o3Nio.69Mno.i9Coo. 1 Alo.o7Mgo.o70 2 ( i §^- < U^- lOjwn) 

<87> (tijiil^l 3) 

<88> ^ LiCo0 2 tfl*! LiNio. 9 Coo.iSro.oo202(^5- lOjcan)-!- ^r-g-tt 3 

<89> (Hi Jiiofl 4) 

<90> ^ LiCoOo tfl^l LiMnAC 5 ^ 20^)* Al~g-*V ^-§7 ^1^1*1- 

JL^ 4>7l tiling 14 «o V ^-^-S B}^9] tiV^ ^lisV^Cf. 

<91> (^Hl 1) 

46-16 



oli= -g-on-g. ^l^^^cf. 

10jMn°} LiCo0 2 ^ lOOg^r #7] Al-°l4i = 3.#A|.ol = -§-^°ti 

^7f5fjl, 10£-# 7-1 ^o^ Al-<>1 ^H-S^W^- -%-°»o) LiCo0 2 

«^ ^ofl ^J7 = ^ olTl) §f^cf. o]%p\] z])^ ^sl«- °J= 3 0 «.^v 

*#*1 ^s)^ Al-^^H^A]-oic _g.oji.j- A1 -oi^^5.iAfoi = 

^-om^. aflTlsH, ^elnV-g- <i^sl-§- sofl ^534. 

S<HH 3°C/f-£] £^ -^7l# 300°C°flAi 10*1 # <g*l 

sit!: MH>H ^^l^cf. S. ^ 200°C7> £1^ <l*.3.-§- S» ^"71 

*t * ^ ^ fe*f53^. °1^7il 

# ^l^^cl-. 

• 2) . 

1*13 -fr^l- 300 "CM 500°CS ^^tb ^]^l*fJlfe ^71 1^1- 

(4_*H 3) 

1*1 3 -SrS.# 300°CHH 700'CS. 3}^ ^l^l^l-ZL^ ^-71 *J*H1 ijzf 

(^aHI 4) 
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(. 



5L<H/'« LiCo0 2 ^1 e 5.H1 li.2. = El ?1] oj e -g-«aj(AldriclvMO 

ofl ^xltt ^ Hl^M -2fJ-§- S^cf. 2*1- LiCo0 2 l°ti 

7l*fl€ u o V ^4 u o Vt 3 -g-^ ^15^ ^s^tb ^E^nV^. 300°C<HlAi 

10 a] # l^sl^H tf D lF <J:2}-#oi I*]- 3.^5) £<go\) 2 *> ^l^l 3. 
^€ ^ ^ LiCo0 2 ^*V£tK 

<ioi> ^12^ ^ # LiCo0 2 u l^ofl 1^ ^ ^ 
<i02> (i^li 5) 

<u)3> i^Ml 2 si <g^*]w ^tnW°} S.^°\] 3-^$. s<H/1fl Ej-<y 

51 LoCo0 2 ^"iMr Af-g-sl-Ji <l^Bl 300°C°1H 700 °C 3. 3* *fl*l*l- 

<104> (^Hl 6) 

<105> 30] 4^ <£^*]¥ icL<H/*J] EpJ 

^1 LiCo0 2 § >M"8-*Kn., ^Hl 300°C<HlAi ^^tb 7 A^r 4^}^}^ 

<L06> (^*l°fl 7) 
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(^H) 8) 

Al-cl^H5.^^ol = -g-^ ^^1^1, A1(N0 3 ) 3 * ^7}^ 5 
(41*1 °fl 9) 

A1 _ol^s^^Al-olc _g_o_g tii\x\o\] t A1(N0 3 ) 3 # #°fl ^^>*H ^lSfV 5 

^^1-5- *4°lH3HH -8-^* <l^e| 300°C<^H 500°C 

t£^*V ^-7] l^f -§^*v «o v ^^-S. 3.91 ^-92 

(4JA]afl 10) 

Al-ol^HS^A>ol= -g-o_H d]A]ofl ( A1(N0 3 ) 3 1- ^7>^H *fli^ 5 

<^n)^- i^oleeflolH ^V-g-^l-Jl, 300°C<>lM 700 °C 

5. 3-§: ^l^lsfjl^ A 0 V7l *!A|o|j ijif -g^tt H o v ^^-S. >*HSH 39l ^92 

Aj-7l ^Aj^l i~io ^ wlm^ 1^ ^ ^12:51 s]f- ol^V ^^11- 4.3V7} 

*1 f^sj-S'}. #^o] ^^11- ^h^H « 
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c c 

tb ^-^r^MI *l-^ n J: 10mg-§: *fl#|sM ^5.5. °] °1 -§-*]- 

^ 3°C/-g-3] -^71 ^-^71 25 i-H*l 300°C?}*] ^ ^1 ^ A)-(Perkin 

Helmer Co. Ml- *fl£-§- ol-g-^f^ DSC(di f ferent ial scanning calorimetry) i^HaH 
<M3 °d^-t- ^*1"5S<4. 
<115> DSC 13 S^S^l ^*fl ^a]^ %o) 

^>i4S. <£3^ $14. olttfl oj^ofl cg*^ D ]^^ o]^ 

^ ^ 7M]7> sa^dl, ^§1 °o^^ °1 ^°11 Sife- ^fl 0 -^ H J: 

^tb ^*^r 91^)-. ol^tb 

H o v, 3-°S. #*1» ^, «13 ^*1^ Li!- x Co0 2 ^ « 

5. ^ °] -M^l l^l ^Ht!: DSC M-el-H-^ ^1 -gr£.sf 

<ri6> LiCoOol- lr°i ^^^V^, LiCo0 2 ^ A o v 3HH Lii-xCoOg ^ ^ 

£t 7^1 71) £nf. ol^tb #°J:^^7l trfl-^ofl 

4. -B-em -ihhfe *d*l i-fl^H *d*ti°-^ St-g-*H *d*l7> ^ $1^ 7)s\ 

# 7fl^%V 7 }-^ o] ^Cf . ZZ^JEIS. ^-^ ^r£2f o] nfl cq ^-<g^ ^jo] of 



46-20 



f 



r 



<ii7> £ l£- 44 u]jiiaj| 10} D sc S. 2^ ^*H1 64 uIjh 

ofl 1^ DSC ^^-014. ^ 1°IH ^*H1 4^ ^ ££7} ^ 214°C<y 

1H4 £-8: 'SI ^rS.* #ul f ^tl: 7f*lH.^ 13 °>^°1 -r-^r^ 

2-¥ 0.006g^l^Jl, 161mAh/gol^cf. 
<us> 5&th £ 2°fl 44\S ^Hl 6^ 234°C<?lcfl ^\<^ , 

olm^] 1-8: 225°CA^ ^aM] 6^1 wlJ^ofl mcf ^-g- «J-<i 44^°-^. =13 

<119> ID 

<i20> 10 ^^%^ B 2 0 3 &^T* 90 ^%=%^ ^lUr^r^l -§-*lH^ 10 f^%^ Ji 

U-'a^s 4<^ ^ ^^4. 

<121> (^Hl 12) 

<122> 10 ol]S.A>o]= -§-<2lj# 3% -g-°-«# Af-g-^l-Jl, <!^&| 

4°J^ ^ ^4534. 

<123> (^*H1 13) 

<124> 10 SLS. o\) ^-Aj-o] = -g-<2»-|- -g-^-i- Af-g-sj-JT. 3.^ ^ I^S) 
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700 VS. *V ^-^ ^St]3>JL ^-71 ^Alc^l 13]- Jg-o^ -S^tb "J"^ °- 

<125> (^*M 14) 

<126> 10 B2O3 -g-lH: 90 en] eV^-ol| -g-^flAl^ Ji-S- cHl^Afol = -g-oW 

^g- ^l^^^cf. ^-g- lOAan^l LiCo0 2 -grlM: #7l o11^-Al-ol= -g-ou_g. 

0 l-g-^V°1 4^H1 -^Utt a o v ^^S. S^^-g: ^a1§>o^ ^s. AVsj.^-oi S 

^ L iCo0 2 -g-lM: ^l^>^cf. 

<127> Ji-E- ^^-#^1 1*V iS^^I LiCo0 2 ^rlM: 1 Al-°] ^HS^-d] = -g- 

^l-g-^l-^ -^Hj l^H^J- -g-^ft H o v ^^-S ^ol-E- ^isj-l-ol S^^l 2*1- 3 
^sl 3^/^ cf^ %■ LiCo0 2 -g-lM- 

<i28> t}^ LiCo0 2 ^rllf-g- °l-§-*>°i *]*L<$ m- -g^tt H o v ^^-^ 39l 

E|- 010] ^ ^^1^ ^l^^^cV. 

<129> (^ A H1 15) 

<130> 1 *§^%^ i€r <^l^-Afo]^ =Lty Aj-g-^V ^ ^S-l^l-Jl ^ 

<131> (^*Hl 16) 

<132> ' 1 ^.€r o]|^Xfol c -g-ojl-g. ^ -g-ojj A>^-^J1, 3^ 

500°CS. % 7 A%: A$\-z\3. ^7] AjAlofl us}- -§^*V a 0 v ^^ ^3 
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c. 



17) 

13^ Efoio] ov^ ^x]!- o]^-§].^ , o.5C 

4.3V~2.75V^ ^ y J"€* ^ A l^r ^, ^ £ 3a^l ^b^oh cf . a] 

if ^Hfl^ a^^ei^l LiCo0 2 l- ifsfe 1^1 Ef°J 

^ ^« 0 >xl ^jzfi ^ i 3a^l^i Ji^r ^1, ^a1<^1 13 

t Sa4. 1C #°o v # 4.3V-2.75VS] «J ^ <>)M ^avxi-l- -M^l t> ^, 

3. ^^fl- £ 3b^l 14^5*4. £ 3b<HH J±^7 ^-ol, i C o] J7^- ^«v*HH 

£ 1051 4-1-^^; ol-g-^J- ^x]7> alJulofl til^ Hj-^ ^^Sf -g-^= ^ 

°1 TT^tK £ 3a^ ^ 3b°fl S.*]& ^^15] ^-g-^-g- -c 46j | ^ £ A]5>^ 

4. ^*H1 1351 HlULofl 1^1 u^H AH#ofl rc}.=. .g-Jg: -f4^-|- 

£ 3b^l ^A]ofl i3ofl ttj-g. #*l«al ^aj-^i ^-Aj^- ^ 4 >ov uU*l 4.3Wo]ofl 
*M JE 3b ^ #«J-*i ^Md- ^a]^i 10^1 JE.^^- ^}9] f^*} 
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^dl£t £ 5<H1 uhsHfl&cK ^<#*i <#q- ^Olofl 

i^^r ^ ^ r o| a>o]^2J -g-EHl-ES) ^r^^r ^^l^cf. 5.0V 

i-H*l 2.5V^ ^HM 0.5mV/sec^ 91 ^oj^q -g-E^^-g- 

£ 6°fl L}-EKH5dth ^sfl^l S^^^^M LiCo0 2 » ^£-t!r «1 

6°fl ^1 S^l^^cf. £ 6ofl^i Ji-b w>fif ^-o] LiCoOal- f^^f 

#31*1 £t 27flS] ^|H7> ^:#Sl^rf. o|^*j ^0}) 13^1 

^a]<^1 i7dfl nj-eq- ^12:-^ *i*H cfl*H 4.3 vfl*l 2.75V-21 ^i^^Hl 

^2] O.lC-Sf 1C ##31 S. 7<^1 SAlsf^cf. £ 7i^£ 4.0V ifl*l 4.3VA} 

°HH ### ^Hd°l ^T^IS^. ^AHl l 7 oll DC)-^ ^13:^ 

41 *H l-io^l #^.2.3., 11-17^1 3.91 31*1 » 

^ Al-SH S^s] 6 ! %^ ^ 10mg ^5. *fl#lSH 910 DSCCTA 

Instrument^} *H#)«- o}^}^ DS C £-^-ir -M^HS^r. DSC -g-^7l 
*HH 25~300°C^ ^'gSH*! 3°C/min^ :i7fl#*M 4i^*>^cf. 
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( 



*1*H1 12^ 13^ tJ;o}-# 5. 8<H1 

oje^v ^3)-^ LiCo0 2 *M ^ <£^a}<>]E-2. 

l^s^^S.*! ^uj- ol^-o^ ^ *b$-l-°l LiCo0 2 ^ LiCo0 2 £] ^ 

^ ^S7l- ^Sj-^ ^ 9X^. ^r, LiCo0 2 ^ ^ ^S/l- 9}^ 

sj- s]o^ stVEsq. Af^o| ^^-o] oV^sflx]^ 74 AS ^Mr^cf. LiCo0 2 ^ 5. 

&°\] A1 2 0 3 , Si0 2 , B 2 0 3 ^ ^ ^ A l^°-S*| <#^z. ^-^-^jzf ^ 

sfl^ilfO) al-g-^o] <*M]£H Aj.^. -o] ^jc^ sflA^ ^ oic} 

Hliaofl 1, ^ ^Ajofl i5~17oflAia) o o t^. ^-i-;§J-2- 2000mAh 

207^1 cflS}cx} <gi, A]^^- sfSiCf. o|^Al^^ Hluii ^ 

7j-<l5f^ *}xjo} I^-fr* 7fl^-«>5iJl ; <*ic# A|ig£- 150°C^Ai ^-fr 
#A]2J 73 7 > A]^ ^^JI, A]^£- ^Xll- ICS 



[5. 1] 





alJU^l 1 


*MH1 15 


^3 AM] 16 


^a}<4 17 




90% 


0% 


0% 


0% 




11* 


12* 


15* 


20* 


1C 


100% 


30% 


10% 


0% 



(^*H1 18) 

all- LiCo0 2 c^a] Li 1 .o3Nio.69Mno.i9Coo.iAlo.o7Mgo.o70 2 ( 5 l^- SJ^: 10/an) 
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<144> (-*M°fl 19) 

<145> E|# LiCo0 2 tfl^O LiNi 0 .9Coo.iSro.oo20 2 ( i S^- ^ 3 : lO/anO-I- 1 #^=%^ 

jis. ofls-Al-olc. -8-ono.s. SfJt!: ^ 700 TC<^1^ 1*1 Bit!: ^1^]*1-JL #7] ^4 

ofl 134 -^^t!- ^ *H^V£4. 

<i46> (-^Hl 20) 

<i47> SHU^ LiCo0 2 tfl^l Lii.osNio.egMno.igCoo.iAlo.oTMgo.orOgC^^- 92 ^ : 10/um) 

1- 1 f^%4 Ji-^ ofl^-Al-ol ^ -g-<Sjo..s. ^ 700°C°fl4 1^51 *t 

Sl-JL #7] -^Al^l 144 3.91 ^4 aV^ 

<148> (^Hl 21) 

<M9> s)# sHS"^ LiCo0 2 cfl^l LiNio. 9 Co 0 .iSro.oo20 2 (^^- <3 ^ : lOjan)-!- 1 #^=%4 

ofl 144 -s-^^v o.^. =70} 4014 44^- ^s§V^4. 
<iso> (^Hl 22) 

<isi> elf- LiCo0 2 tfl<Q LiNi 0 .9Coo.iSr 0 . 0 o20 2 ( i g^- °J ^ : 10^m)* ^-g-tt 3 

-I- ^14 *>^-^ A cM ^ A H1 15^1- ^t!: 3.91 ^ ^lS^l- 

<152> (^Hl 23) 
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( 



( 



&)-§- LiCo0 2 LiNi 0 .9Coo.iSro.oo20 2 (^^- °J^: lOpm)^ ^l-§-tb ZA 

% A^\^ %A ^*H1 162}- -^*b "^SLS. 2°J Ej-^al tiV^ ^12*V 

(^Al cfl 24) 

ell- S]-^-§-S. LiCo0 2 cfl^l LiNi 0 . 9 Coo.iSro.oo20 2 (^^- °J ^ : >M~8-tb ?J 

534. 

25) 

3# sl-tJ-l-^- LiCo0 2 tflAl LiMn 2 0 4 (^^- 20^m)# *l~g-tb ^* ^1^1*1- 

Jl^- #7] ^a]^ 152}- ^*b H J"^^-S BpJ^ ti]-^ *fl^b534. 

(^Hl 26) 

B|# sbthl-^- LiCo0 2 £H*1 LiMn 2 0 4 (^5- 20jum)# ^l~g-*b *ll^> 

Jl^ #7] i6uf ^tb y o v t3 -SSl ^Pa 1 ^ ^ ^1* *fl 2:81-534. 

(^A]e4| 27) 

El# 5b^ v l-^ LiCo0 2 cflA] LiMnAC^^- 20^m)* ^>-g-*b $]£\*\r 

Jl^r #71 ^AHl 17J2|- ^o}^ aj-^ 3-91 4 0 JS} uj:^ ^l* ^lS^b^q-. 

^*H1 18-27 ^ w]jn^l 2-45} ^ aflS^I *U] ofl ufl*>a| <£^3 0.3, 
0.1C(1^H#), 0.2C(3A>o]s-) ( 0.5C(10Al-ol#) ^ lC(6A>ol§) £^5. C ratel- 
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<163> 



<164> 



<165> 



tgsH?! 1 ^ 4.3V~2.75V^ 4^444 ^144 



4. *J*M 194 al^I^l 34 44<H1 44 Aj-ol^ofl oj-^. -g-^= s.a$ 




£44^4. -£ 944 iL^b 44 £4 -€*H1 19^ 4*14 b]mL<1} 3011 tij^. 

Aj-7] ^a]o]1 194 ^4 441- 4.3V44 #44 4-8- #^tL 4^]^ 

*H44 ^, ^-444 #1-44 lOmg* *ti#)44 4-§-4S!4. °1 43>fl 4 

44 910 DSC(TA InstrLiment4 4 -§-44 3°C/^-2] -^7] ^7| 4 

44 25 44 300°c44 dsc ^444 444* ^44534. 3L4*i344 
LiL03Nio.69Mno.i9Coo.1Aio.07Mgo.oA* 4-8-4 4^4 24 S44 3 44 

LiNi 0 .9Coo.iSro.oo20 2 -l- 4-§-4 4^4 34 S°]444 4«fl4-£ DSC ^^H# 4*1422 

4. 4*14 184 4^4 24 DSC ^ ^4^ £ l(H 444 5U4. 444 194 
4^4 34 DSC ^ ^4^ £. ll^l £4^14 &4. 

44 44 4 is ^ 4jel^i 2^ ^o] ^^]- 4.45 V 7j.*i 4^44 4-g- 
4^14 4*114 3s 4444 %t-44 lOmg* 43 44 4JLS. 4-8-4534. 4 



4^-1- 4 -§-44 3°c/-g:4 



^4 ^-471 4<HH 25 44 300°C44 DSC ^4 



4514. 4#4 ^ 444 184 4^4 2^ DSC 4^ 44^r £ 124 £4si4 01 
4. 

£ HH £44 44 44, 4^4 2^1 t^^a^ 4 220°c44 34 44 
tfjL4 444 18^1 ti-<i ^y.^ 7^4 ^igofl 71-4^ 30.5. t<|3l3t i±44 g> 
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5*4-. 0)7^ alJEofl 24 4=^ ^A]<m 185] tt^l 

4^4 4# 44M^ 444, 4^4 ^ ^44 4€- 4^ §#^4 <I4 
44^4 €^ -f-^-i: 4: a!4. 4 4t!r 44^ 194 4^1 321 DSC 

^444# ^44 -£ ll44-£ 44% v t &4. 4f^4 ^ DSC #4 ^144 

i 12^e1 ^4<i 184- *l Ml 24 m><1 4h4 ^44 34-4 4 4*fl4* 4 
^ &4-. 444 ^HH 44 4^4 44°fl 4 -§-4 44 *t-4-£ -f^rtb <14 
444* 44^ 4^5- 445*4. 
[H:44 3141 

ti>sl- 7 E voi t ^ ^-^o] ^.g. o]^> ^l-g- <#^- «r#^^r ^ 44# 

-g-ofl nq-e-V ^ 44 A <34 4# 444 :a 44 4^^144 444 4^ 
* 44^ i4t 4* ^ 44. 
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[3^*8- 2] 

1] 

Li x Mni- y M' y A2 

w*w 2] 

Li x Mni- y M'y02- z A z 

3] 

L i x Mn204- z A z 
4] 

L i x Mn2-yM ' y A4 

[sK^ 5] 
Li x Mi- y M" y A 2 
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(' 



W*t*\ 6] 
Li x M0 2 - z A z 

W^M 7] 

Li x Nii-yCo y 02-zAz 

8] 

Li x Nii-y- z Co y M" z Aa 

[sK v ^ 9] 
Li x Nii- y - z Co y M" z 0 2 - a A a 

[3^^-^ 10] 
Li x Nii-y- z Mn y M' Z A 0 

11] 

L i X N i i- y - z Mn y M ' A-a A a 

(a 0 v 7 ] AioflA-] t 0.95 < x < 1.1, 0 < y < 0.5, 0 < z < 0.5, 0 < a < 2<=>1 Jl, 
M^r Ni Co°ML, W-& Al, Ni, Co, Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, 

Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, 
Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS. ^o\]*] ^t&s)^ s>uf o}^2] 

o)JL, M"-cr Al, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, 
Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, 
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(" 



Md, No, ^ LriL oj-f-o^ ^6\]a] ^s\^ <>1#3 0, F, S 5 
3] 

*fll*Ml , ^7} #4? tfaj-l- #1-^^ ^ 

sV<^ 2 x io" 5 1 ell- °1*V 31*1-8- ^ 

4] 

*l3iH] 91°]*], #7] ^ ^-4-2) ##-*Ml rfl 

«H o.ooi i-fl^l i ^%°J b]# <>1*V 31*1-8- 

5] 

# °1*1- 31*1-8- ^ 

6] 

^ll^Hl 5a°H , ^7} ^ ^# ^-4^ Mg, Al, Co, K, Na, Ca, 

Si, Ti, Sn, V, Ge, Ga, B, As ^ ZrsL o]^^l ^ofl^) ^^s]^ ^ 
el# 0 1^> 31*1-8- ^ 
[^^- 7] 

3 -8- a^l-ir s^Kr 3-°] ; ^ 

-§- ol*> 3*1-8- 
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( 



8] 

*H7%H1 91°]^, A oM ell- s)-tM-°l ^ 5}-«M 1 i^xj 115. o]^^i ^ 

[S|-«H 1] 
Li x Mni- y M'yA 2 

[sK^ 2] 
Li x Mni- y M' y 0 2 - z A z 

[3-*H4 3] 
Li x Mn 2 04- z A z 

[sM^M 4] 
Li x Mn2-yM'yA4 

5] 

Li x Mi- y M" y A 2 

[aHH 6] 
Li x M02- z A z 

[31-^ 7] 
Li x Nii- y Co y 0o- z A 2 

8] 
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Li x Nii- y - z Co y M" z A Q 
9] 

Li x Ni i-y- z Co y M " z 0 2 - a A a 

mn^ 10] 

LixNu-y-zMnyM'zAa 
11] 

L i X N i i-y- z Mn.yM ' z 0 2 - a Aa 

{^■7} ^HH, 0.95 < x < 1.1, 0 < y < 0.5, 0 < z < 0.5, 0 < a < 2o}jL, 

MSr Ni Co°]Jl, M'£- Al, Ni, Co, Cr, Fe, Mg, Sr, V, Sc. Y, La, Ce, Pr, 

Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, 

Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS ^1^*1 3r<*]*\ §>^- ^ 

°1^L, M"^r Al, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr , Nd, Pm, Sm, Eu, Gd, 

Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, 

Md, No, ^ LrsL ol^ol^l ^ o]^s] ^o^, A ^ 0, F, S ^ 

PS. ^o\]A] ^Sjfe .) 

l^tt 9] 

^]7* 0 H1 9X°]*], ^ ^sl-l- ^-^^ «-#*Ml tfl 

2x io" 5 M]*l 1 <>l*r ^ 
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10] 

*fl9^°fl 91°]^, ^7} ^ cfl 
*H 0.001 i-fl^l 1 #^%<U ^UJ-g- <#^- #1-^. 

11] 

^17%H1 5^*1, a o i- 7 ] ^ #vfl o] Mg> A1; Co> K> Na> Ca> 

Si, Ti, Sn, V, Ge, Ga, B, As ^ ZrS °] =-o^ *VM- <>K V ^ ^ 

^# ol^> ^-g- 3g-^. 

12] 
13] 

14] 
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i] 

Li x Mni- y M' y A2 
2] 

Li x Mni- y M'y02- z A z 

[sf^^ 3] 
L i x Mn204- z A z 

[^-^ 4] 

Li x Mn2-yM'yA4 

[3J-*H4 5] 
Li x Mi- y M" y A 2 

Li x M0 2 - z A z 

7] 

Li x Ni i- y Co y 0 2 -zA z 

W*k*\ 8] 
Li x Nii-y- z Co y M" z A a 
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Li x Ni 1 -y- z Co y M" z 02-a A Q 

[3J-*M 10] 

Li x Nii-y- z Mn y M' z A a 

[Sj-*H 11] 

L i X N i i-y- z Mn y M ' z 0z- a A Q 

(Ai- 7 | *\d\]*\ f 0.95 < x < 1.1, 0 < y < 0.5, 0 < z < 0.5, 0 < a < 2°\j1, 

M^r Ni Co°lal, M'^r Al , Ni , Co, Cr, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr, 

Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, 

Cm, Bk, Cf, Es, Fm, Md, No, ^ LrS. ^^-cr «Kr *&.±. 

°]3L, M"£r Al, Cr, Mn, Fe, Mg, Sr, V, Sc, Y, La, Ce, Pr , Nd, Pm, Sm, Eu, Gd, 

Tb, Dy, Ho, Er, Tm, Yb, Lu, Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, 

Md, No, ^ LrS °1^-<H*1 ^^tt *>M- °l A o v ^ ^4io]^ , A fe 0, F, S ^ 
P-5L =o]^1 ^oflAi 

15] 

^113%H1 51^^ , A oM ^ -fM -g-«* ^-g-«*vfl«a] ^ o a v 

fAfojc, -g-^ ^ ^1-^ 0.1 vfl^l 50 #*g=%°! 2]# o]^}- ^ 

-§- ^ *fls^. 

[^t 2 -^- 16] 

*fl 15*oHl av 7 i ^ o. 7l -g-on ^ ^-g-«3}ifl<q ^4, 
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171 

*11131M1 SU<H>H , ^71 ^ $-7] -§-<*} ^4=- ^-g-ojiol Mg, Al, Co, K, 

Na, Ca, Si. Ti , Sn, V, Ge, Ga, B, As ?J Zr£- ^l^^^l 5"<HW -y^s)^- Sj-M- °1 
3L^*Rr 3^ #*l-g- °<R-'#-§-^ afla^. 

18] 

*H13*<H1 , #71 ^ ^71 -g-<a] ^ -r-g-^M 1: °1#^ ^ 

* i%^Rr ?A9l ^# 31*1-8- ^ ^S u o v ^. 

19] 

*H131MI <l^Bl 200 ifl^l 800°C<HH 1 vfl*l 20*1 # # 

20] 

*fll3*<Hl 91^^, #71 l^el ^7\% *^^r ^-^7HiAi ^A] 

51 °J ell- °1*V 3*1 A]2,*$^. 
21] 

*1U31H1 5tM^, A o V 7 ] ^Uj-Ojo] ^ -S-71 S^r ^-§-^0.5. # 

71 £l# s^f-i- 1*1- iEL^^ #31; 

1*1- sKhi-^- 1*> l^e^H, ajf- s}-tMr^ a<£°ti *ll 1 ^ 

^% $>SSRr #31; 
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1 



( 



1 ^ %o] tg^Q ^ -H-7] -g-on cc^ ^ 

22] 

^1 13*<H1 $Z°H, 41-71 ^1^^^ ^ -fi-7l -g-<5» SE^r ^ i3 

U*Hir ^3 ^ 35] °1>£ ^Al*>^ ^jo] ol^> ^Xl-g- <^ 
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[51 2] 




46-40 



( 



[£ 3a] 




[£ 3bl 



4.4- 




2.6 -*— i ■ 1 ■ 1 ■ i ' 1 ■ > ■ i ■ i ■ 1 — 

0 20 40 60 80 100 120 140 160 

gfSSif (mAh/g) 
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[£. 4] 



180 




[5L 5] 




0 20 40 60 80 100 120 140 160 



(mAh/g) 
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[£ 7] 



4.4- 
4.2- 
4.0- 
± 3.8- 
5 3.6 -| 
5 3.4 H 

oF 

3.0- 
2.8- 



EC+DMC(l/l)+tM LiPF« 
4.3V-2.75V, lC=140mAh/g 



^ A| Oil 17 




— i — 
20 



tC I 



<uc 



— I 1 1 1 1 1 1 ' 1 — 

40 60 80 100 120 

^2§g (mAh/g) 



140 160 



180 
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[E 9] 



0.5C 



1C 



-■ — td|HKM| 3 
-o — 4J^fofl 19 



EC+DMC(l/I)+lMLiPF 4 
4.3V-2.75V,lO180mAlv'g 



10 

AhOll 



15 



20 
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